Identification of the accurate risk factor for CKD remains mandatory to combat the high prevalence of diseases. Growing evidence suggests the association of serum vitamin D with diverse health conditions. However, the relationship between vitamin D, intact parathyroid hormone (PTH), and calcium-phosphate metabolism and development of CKD remains controversial. We conduct this cross-sectional observational study to investigate the association between serum 25 (OH) vitamin D, intact PTH, and calcium and phosphate levels with eGFR and albuminuria, as a surrogate marker of CKD, in a community population. A total of 4080 participants were recruited. The mean age was 58.4 ± 13.3 years and 1480 (36.3%) were men. The mean eGFR was 94.1 ± 26.3 mL/min/1.73 m 2 . The prevalence of CKD was 19.8%. Serum 25 (OH) vitamin D and log intact PTH levels were inversely correlated with eGFR but positively correlated with log albuminuria. Logistic regression analysis identified the log intact PTH as an independent factor associated with eGFR ≤ 60 mL/min/1.73 m 2 and proteinuria. This association was consistent when serum intact PTH was analyzed as continuous as well as categorical variables (as hyperparathyroidism). The relationship remains significant using resampling subset analysis with comparable baseline characteristics and adjustment for 25 (OH) vitamin D, calcium, and phosphate levels. This finding warranted further research to clarify the causal relationship of PTH/25 (OH) vitamin D with the risk of CKD in the general population.
Introduction
Chronic kidney disease (CKD) is a worldwide public health issue because of its wide association with multiple comorbidities, demanding high cardiovascular events, mortality, and expensive medical cost. The worldwide prevalence of CKD ranged from 8 to 16%, dependent on the disease definition, study design, and racial groups [1] . The estimated national prevalence of CKD is 11.9% [2] in Taiwan, which has the highest incidence and prevalence of end-stage renal disease (ESRD) worldwide [3] . Ascertainment of accurate risk factors associated with CKD is mandatory to allow timely diagnosis and intervention to decrease the burden of the disease. The associations of CKD with several traditional risk factors (such as hypertension, diabetes, obesity, smoking, dyslipidemia, and metabolic syndrome) were well established in the literature [4] . Epidemiological literatures emphasized the association between serum vitamin D level and nonskeletal disease as cardiovascular events [5] [6] [7] , metabolic syndrome [8] , cancer [9, 10] , autoimmune disease [11] , and critical illness [12] . The decrease of glomerular filtration rate restricts delivery of substrate to the 1-alpha-hydroxylase and decreases the production of 1,25 (OH) vitamin D by the kidney in CKD patients. The interplay between vitamin D, fibroblast growth factor-23 (FGF-23), intact parathyroid hormone (PTH), and calcium-phosphorus-bone metabolism is disrupted with the progression of renal function [13] [14] [15] . However, the relationship between vitamin D, intact PTH, and calcium-phosphate metabolism and development of CKD remains controversial.
A Korean population-based study found a biphasic change of serum vitamin D levels, according to CKD severity. The estimated glomerular filtration rate (eGFR) was negatively associated with serum vitamin D levels [16] in the entire population; however, the mean vitamin D values were decreased with the lowering of eGFR levels in moderate and severe CKD stages [16, 17] . A Swiss population study did not find any association between serum vitamin D levels and CKD or albuminuria [18] . In addition, the association between vitamin D levels and renal function decline was lost after adjustment for baseline eGFR [19] . Accumulating evidence indicated the association of abnormal calcium-phosphate metabolism with cardiovascular disease in the general population. Intact PTH levels were associated with hypertension [20] and abnormal calciumphosphate metabolism was associated with coronary artery calcification [21] . The prevalence ratio of intact PTH among participants of the US National Health and Nutrition Examination Survey showed a stepwise increment of 2.30 and 4.69 for individuals with an eGFR of 45 to 59 and 30 to 44 mL/min/1.73 m 2 compared with those people having eGFR > or = 60 mL/min/1.73 m 2 [22] . While the serum value variation and the relationship between vitamin D/intact PTH and hard outcomes were evident in moderate to late stage CKD and ESRD patients, little is known about the exact role of vitamin D, intact PTH, and calcium and phosphate levels all together in the risk of CKD in healthy subjects.
We conduct this cross-sectional observational study to investigate the association between serum 25 (OH) vitamin D, intact PTH, and calcium and phosphate levels with eGFR and albuminuria and the risk of CKD in a community population.
Method

Patient Setting and Data Description.
Participants of community health activity from August 2013 to May 2016 in the northeastern region of Taiwan were enrolled in the study. Participants aged greater than 30 years and who were not pregnant were included after obtaining informed consent ( = 4916). Individuals who had received vitamin D supplementation or any over-the-counter vitamin supplements ( = 830) or incomplete baseline biochemistry data ( = 6) were excluded from the analysis. Demographic data were assessed from questionnaires. Anthropometric and biochemistry measurements were performed at the entry of the study. Blood samples were obtained after an overnight fast, and the following parameters were determined: complete blood cell count, liver and renal biochemistry parameters, lipid profiles, fasting sugar, and intact PTH and total 25 (OH) vitamin D levels. This study was approved by the ethics committee of the institutional review board of the Keelung Chang Gung Memorial Hospital.
2.2.
Definitions. CKD were defined by the National Kidney Foundation: K/DOQI classification for CKD and were determined as having persistent proteinuria or a decreased eGFR of less than 60 mL/min/1.73 m2, determined by the abbreviated Modification of Diet in Renal Disease equation [23] . Serum Cr was assessed by spectrophotometric analysis using a modified kinetic Jaffe reaction with standardization of the creatinine calibration to an isotope dilution mass spectrometry reference measurement procedure. Proteinuria was determined if urine albumin-to-creatinine ratio > 30 g/g or urine protein-to-creatinine ratio > 150 g/g. Diabetes mellitus was defined as a fasting glucose level ≥ 126 mg/dL or use of any hypoglycemic medication. Hypertension was considered present if the patient received medical therapy for such a condition or if blood pressure was >140/90 mmHg. Hypercholesterolemia was defined as a total cholesterol level ≥ 200 mg/dL. Smoking and alcohol drinking indicated any sustained past or current behaviors. Metabolic syndrome was defined according to the Adult Treatment Panel III criteria as the presence of at least three of the following five traits: visceral (abdominal) obesity, determined on the basis of the Asian waist circumference cut-offs (men: >90 cm, women: >80 cm); blood pressure > 130/85 mmHg or drug treatment for essential hypertension; serum high-density lipoprotein cholesterol (HDL-C) level <40 mg/dL (1 mmol/L) in men and <50 mg/dL (1.3 mmol/L) in women or drug treatment for low HDL-C; serum triglycerides (TG) level > 150 mg/dL (1.7 mmol/L) or drug treatment for elevated TG; and fasting plasma glucose level >100 mg/dL (5.6 mmol/L) or drug treatment for DM. Obesity was evaluated according to the WHO classification as having a body mass index of 30 kg/m2 or more [24] . Serum concentrations of 25 (OH) vitamin D were measured using a radioimmunoassay (Vitamin D Total, Roche Diagnostics, Mannheim, Germany) according to the manufacturer's instructions. Vitamin D status was defined as "deficient" (<20 ng/mL), "insufficient" (20-30 ng/mL), and "sufficient" (>30 ng/mL) [25] . Hypocalcemia was defined as corrected Ca less than 8.5 mg/dL; hyperphosphatemia, greater than 4.5 mg/dL, or phosphate binder use and hyperparathyroidism, intact parathyroid hormone more than twice the upper limit of normal, corresponding to 70 pg/mL [26] . Because of the cross-sectional nature of the study and to avoid misdiagnosis of CKD, we used two surrogate indices of CKD (eGFR < 60 mL/min and proteinuria) to establish the association between the biomarker of interest and the outcome.
Statistical Methods.
Descriptive statistics were expressed as mean ± standard deviation, median, range, or percentage frequency, as appropriate. All variables were tested for normal distribution by Kolmogorov-Smirnov test. Data were logtransformed to approximate normal distribution. Student's t-test or Mann-Whitney U test was applied to compare the mean of continuous variables. Categorical data were tested using the Chi-square test. Pearson or Spearman correlation coefficients were appropriately used to test the correlation between serum 25 (OH) vitamin D, intact PTH, and calcium and phosphate levels with eGFR or proteinuria. Logistic regression analysis was applied to identify the association between these variables with the outcome of interest, after adjusting for potential confounders, such as age or gender. Conditional logistic regression analysis was performed to evaluate the odd ratio of factors associated with outcome in the resampling subset, matched by age (±1 year old), gender, CKD stage, presence of hypertension, and metabolic syndrome, at 1 : 2 ratio. All statistical tests were two-tailed, and a < 0.05 was considered statistically significant. Data were analyzed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL).
Results
A total of 4080 participants were included in the analysis. The mean age was 58.4 ± 13.3 years and 1480 (36.3%) were men. The mean eGFR of the study population was 94.1 ± 26.3 mL/min/1.73 m 2 . Table 1 lists the baseline characteristics of all participants and between two groups. The overall prevalence of CKD was 19.8%. Figure 1 illustrates the distribution of CKD stage of the entire population. CKD patients were more likely to be older, to be male, and to be obese. They were more likely to have diabetes, hypertension, metabolic syndrome, and smoking/drinking habits. CKD patients had higher serum 25 (Table 1) . Table 2 (Tables 3 and 4) .
To control as much as possible the confounding effect of baseline characteristics of patients on the outcome of study, we have resampled a subset of patients from stratified sampling by CKD stage with individualized match to age, gender, presence of hypertension, or metabolic syndrome. Stratified sampling by CKD stage identified 464 CKD patients with their matched counterparts ( = 928 normals). Only 1392 patients were included in the subset analysis after individualized matched pair of ±1 y/o of age. The mean age of resampling subset was 61.0 ± 10.9 years and 39% of them were men. Hypertension was present in 73% and metabolic syndrome was present in 43% of the resampling population. Both the log intact PTH and hyperparathyroidism remained a significant risk factor for eGFR ≤ 60 mL/min and albuminuria, after adjustment for age, gender, serum 25 (OH) vitamin D, and calcium or phosphate levels (Table 5 ).
Discussion
This community-based study found that the serum PTH levels were inversely correlated with eGFR but positively correlated with albuminuria. Either the increase of serum PTH levels or the presence of hyperparathyroidism was independently associated with the risk of CKD, after adjustments for confounders or by using the resampling subset of comparable baseline characteristics. The serum PTH levels increased in the early stage of CKD, before the change of 25 (OH) vitamin D-calcium-phosphate axis, and may serve as a potential risk factor for CKD. The values are expressed as means (SD) or median (min, max). Corrected calcium = serum calcium + 0.8 * (4 − serum albumin). Optimal serum levels of vitamin D in healthy subjects and CKD patients are not well understood. Growing evidence indicated the relationship between abnormal vitamin D levels and metabolic syndrome, diabetes, cancer, and chronic diseases; however, the association of vitamin D and the risk of CKD remains controversial [27] . Our findings that serum 25 (OH) vitamin D levels increased with the decline of eGFR and the insignificant association with CKD are consistent with some studies [16, 18, 19] , but not with others [28, 29] . Guessous et al. found that the prevalence of serum vitamin D concentration and deficiency status were similar in CKD and non-CKD subjects in a cross-sectional Swiss population-based study [18] . They did not find any significant association of serum vitamin D levels with incident CKD, incident albuminuria, or rapid renal function decline, after a mean follow-up of 5.5 years [19] . On the other hand, findings from the 10-year Prevention of Renal and Vascular End-Stage Disease prospective cohort demonstrated that low plasma vitamin D was associated with the risk of developing albuminuria rather than reduced eGFR in high sodium intake individuals [28] . However, investigation on normal renal function subjects found that high serum vitamin D levels were independently associated with high serum creatinine and recalled the potential role of muscle size as a contributing factor to this elevation [29] . Several factors can influence serum levels of vitamin D, including analytic method, seasonal variation, latitude, air pollution, sun exposure, and physical activity [30] . Furthermore, meta-analyses to evaluate the concentration of vitamin D and health outcome did not show convincing data for the association of this biomarker with renal outcome in healthy or CKD patients [27] . The finding that serum PTH levels and hyperparathyroidism were independent risk factors for CKD and its surrogates (eGFR and proteinuria) was novel. Molecularly, parathyroid hormone is considered as procalcific and profibrotic through promoting mRNA and protein expression of the receptor of advanced glycation end products (RAGE) and interleukin 6, enhancing abnormal calcium-phosphate homeostasis and renin-angiotensinogen-aldosterone hyperactivity; even some have advocated its possible roles as cardiovascular or uremic toxins [31] [32] [33] . On the other hand, treatment of teriparatide (human PTH) in lowdensity lipoprotein receptor −/− mice exhibited induction of osseous osteopontin expression and serum osteopontin levels, indicating inhibition of vascular calcification and aortic osteogenic differentiation. The study suggested possible beneficial actions of PTH at early stages of macrovascular disease in responses to diabetes and dyslipidemia [34] . Clinically, a Swedish population-based study showed that normocalcemic, vitamin D sufficient hyperparathyroidism was common and indolent in a long-term follow-up of 17 years. This condition triggered low morbidities and had no association with creatinine at follow-up [35] . However, data of the Germany Calcific Uraemic Arteriolopathy Registry indicated development of calciphylaxis in dialysis patients with mean PTH levels of 147 (IQR: 72-276) pg/mL [36] . In spite of the promising results of our study, caution in the interpretation of PTH as a powerful biomarker should be taken into account, including intermethod and interpersonal variability, target metabolite to measure, vitamin D status, baseline renal function, age, gender, menopausal status, body mass index, race, and end-organ hyporesponsiveness [37] [38] [39] [40] . Further studies are needed to demonstrate the exact relationship between high intact PTH and development of CKD in the general population.
A peculiar finding of the present study was the elevated odd ratio of having eGFR < 60 mL/min associated with serum calcium levels, even after considering confounders. However, this association was no longer existent when the serum calcium level was assessed in a categorical manner. Physiologically, serum calcium levels decrease with the decline of eGFR. This phenomenon appears in the late stage of CKD and contributes in part to the hyperparathyroidism cascade leading to the development of CKD-bone mineral disease and adverse patient outcomes. Conversely, high serum calcium levels promote neointimal calcification and increase cardiovascular events and mortality. The paradoxical role of serum calcium levels was rarely explored in healthy or early stage CKD patients and is unclear. Association of high corrected serum calcium with both the number of the metabolic syndrome components and the number of nonconventional cardiometabolic risk factors (uric acid, homocystein, and gamma-glutamyltransferase) was observed in Caucasian people, independently of the metabolic syndrome and body mass index [41] . A French multicentric study found that increased serum calcium concentration was independently and positively associated with high pulse pressure and hypertension [42] , an important risk factor for CKD. Putting all these lines of evidence together, the exact impact of serum calcium levels on the renal functions of healthy people deserves further study.
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The strength of our study was in the use of a large number of participants with high range for renal function, simultaneous measurement of biochemistry parameters that minimize bias in the variability of analytic testing, and exclusion of exogenous vitamin D use. The use of subset sampling analysis of comparable characteristics has avoided confounding effects from baseline data on the study outcome. However, some limitations of study should be addressed. First, findings from the cross-sectional design study should not be interpreted in casual terms. Second, all participants of the study came from the northeastern region of Taiwan (Keelung and its neighboring areas) and had unique geographic (latitude, 25 ∘ N), cultural, and dietary characteristics that limited generalizability of the present findings to other populations. Finally, important drivers of renal calciumphosphorus handling, such as FGF-23 and Klotho, were not measured in the present study. Primary hyperparathyroidism could not be excluded completely, because parathyroid images were not available. Universal consensus on the target fragments, analytic method, and reference value of measurement for these two biomarkers is still in debate. Further investigation should be warranted to elucidate the interplay of FGF-23, Klotho, vitamin D, and parathyroid axis with the risk of CKD.
In conclusion, this community-based study confirmed the association of serum levels of PTH and hyperparathyroidism with the risk of CKD. The serum levels of PTH increased in parallel with albuminuria but inversely with eGFR. Using a sample of the general Taiwanese population, the current study could provide a description of the prevalence of elevated serum intact PTH levels across a broad spectrum of kidney functions. This significant association with low eGFR was independent of dietary intake of calcium and serum levels of calcium, phosphorus, and 25 (OH) D. Given its association with adverse outcomes in CKD, reducing serum intact PTH levels may be an important goal for improving CKD-MBD and may be potentially helpful for CKD prevention. The findings of the present study offer an insight for a further well-designed prospective study to clarify the causal relationship of PTH and 25 (OH) vitamin D with renal function and risk of CKD in the general population.
